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INTRODUCTION
Biliary cannulation (BC) is a key requirement in the endoscopic management of conditions of the bile duct. BC rates using simple techniques (using cannulae and cannulotomes, contrast mapping and/or hydrophilic guidewires) are high but variable and depend on patient anatomy and disease, as well as endoscopist experience (1) . In order to achieve rates above 90%, it is important to make multiple cannulation attempts (or repeated attempts). However, repeat attempts may lead to increased pancreatitis rates (2, 3) , either due to papillary or ductal trauma, the latter resulting from repeated unwanted pancreatic cannulation (PC). In the latter case, a "double guidewire" (DG) technique may be an alternative, although it has a modest BC rate and significant pancreatitis rates (4) . In order to reach BC rates of 100%, advanced "precut" (cut before cannulation) techniques are needed. These include two general procedures with a number of technical variations:
1. Precut biliary papillotomy is performed by a minority of endoscopists using a precut traction papillotome and the majority using a needle-knife papillotome.
Traction precut (5, 6) and needle-knife precut (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) techniques cut from the papillary orifice and extend cephalad, whereas needle-knife fistulotomy (17) (18) (19) (20) (21) (22) leaves the papillary orifice behind and starts at the most prominent portion of the papilla. (23) (24) (25) (26) (27) (28) (29) uses a standard traction-type papillotome inserted into the pancreatic duct and follows the incidental or intended cannulation.
Precut transpancreatic papillotomy
Since being reported in the 1980s, biliary precut techniques were considered as high-risk procedures that only experienced endoscopists should use, and only as a last resort before more aggressive techniques (30, 31) . However, the high quality scientific evidence gathered during the past 35 years has shown that the risk for pancreatitis is not dependent upon the precut technique itself but on the timing (32) (33) (34) (35) (36) (37) (38) (39) (40) . Needle-knife precut (NKP), when indicated early and performed with expertise, may obtain overall BC rates approaching 100%, with an associated incidence of pancreatitis nearing 0%. Transpancreatic precut (TPP), which was described ten years later, has been less accurately assessed. However, it stands to reason that early use, when limiting the number of unwanted PC to the minimum, will also reduce the pancreatitis risk.
The goal of the present study was to assess BC rates and pancreatitis rates associated with two complementary precut techniques when indicated early and performed according to a fixed, flexible protocol, adapted to individual needs.
PATIENTS AND METHOD
A retrospective analysis of a personal series of ERCP from 2013-2016 was performed. All procedures were performed by the same endoscopist (EJMM) with a prior experience of over 2000 ERCP (150-180 per year) and 250 precut (200 NKP and 50 TPP) procedures. All patients signed a standard informed consent form for the ERCP.
Materials
The procedures were carried out in different private hospitals in Madrid using the Pentax ED-3470TK (Tokyo, Japan), Olympus TJF-160VR (Tokyo, Japan) and Fujinon ED-250XT5 (Tokyo, Japan) therapeutic duodenoscopes with Boston Scientific (Natick MA, USA) AUTOTOME RX-44 cannulotomes assisted by JAGWIRE/HYDRA-JAGWIRE 0.035" guidewires. For a minority of cases, Cook Medical (Bloomington IN, USA) DASH-21-480 cannulotomes with TRACER-METRO 0.021" guidewires and Olympus (Tokyo, Japan) CLEVER-CUT-3V cannulotomes with VISIGLIDE 0.025" guidewires were used. TPP were performed using the same cannulotome as the simple cannulation procedure, whereas NKP were performed using the Cook Medical (Bloomington IN, USA) HPC-2 single-lumen needle-knife sphincterotomes. In a minority of cases, the Boston Scientific (Natick MA, USA) RX NEEDLE-KNIFE XL triple-lumen sphincterotomes was used. ERBE VIO-200S (Tubingen, Germany), Olympus HF-120 (Tokyo, Japan) and ERBE ICC-200 (Tubingen, Germany) diathermy generators were used by applying a mixed current in the "endocut" mode.
Cannulation strategy (Fig. 1) BC was initially attempted with the aid of a hydrophilic guidewire, without prior cholangiography, for up to ten minutes. The cannulation time was extended to ten minutes only for non-pathological or mildly inflamed papillae. For severely inflamed papillae that appeared to be impacted by a stone or infiltrated by a neoplasm or if cannulation was deemed "difficult" for other reasons by the endoscopist (e.g. duodenoscope stability), the precut was carried out in less than ten minutes. If BC (or PC) failed under these conditions, NKP was attempted. When BC failed following NKP within the additional ten minutes, the procedure was discontinued to be completed later during a second stage (after 3-7 days).
If an incidental PC occurred during simple cannulation, the endoscopist performed a TPP or attempted BC again. When a first PC was fast (less than five minutes) and the papilla was deemed "easy" to cannulate, simple cannulation was attempted until a maximum of three PC. In the case of no other incidental PC and if BC failed during the additional ten minutes, a NKP procedure was performed. When a first PC was delayed (over five minutes) or if the papilla was deemed "difficult" to cannulate, a TPP procedure was performed. In the case of an intradiverticular papilla where the anatomy precluded a safe precut, BC was attempted using a DG technique following the first PC. If the BC failed following TPP and the papillary anatomy was clear with an apparent exposure of the intraduodenal bile duct, NKP was also performed (TPP + NKP). However, when the anatomy was unclear or hidden by blood remnants, a delayed second stage was decided upon.
Precut technique
NKP was performed using a two-step mixed technique.
Step 1 involved a superficial or "mucosal" papillotomy of 10-15 mm in length, extending cephalad from the papillary orifice towards the "11 o'clock" position, which exposes the wall of the intraduodenal bile duct. The second step involves a deep or "muscular" fistulotomy of 3-5 mm in length, over the more clearly exposed portion of the bile duct, several millimeters cephalad to the papillary orifice. If the papilla appeared thickened, suggestive of an impacted stone or neoplastic involvement, a deep fistulotomy was initially performed on the most prominent area. TPP was also a two-step procedure. The first step involved a pancreatic sphincterotomy about 5-10 mm in length, extending towards the "1 o'clock" position in order to incise the whole of the pancreatic sphincter, which exposes the septum including the intraduodenal bile duct. The second step involves a 3-5 mm incision of the bile duct, extending towards the "11 o'clock" position. The position of the cannulotome in the pancreatic duct was confirmed by the guidewire inside and pancreatography was restricted to those cases where the guidewire could not be advanced to the pancreatic body, thus casting doubt on its location. The guidewire was maintained within the pancreatic duct during the TPP.
BC was again attempted with a conventional cannulotome and a hydrophilic guidewire after the precut. Following BC, the precut was extended, always using a standard traction-type sphincterotome (STS) of an appropriate size for the papillary anatomy and therapeutic indication.
Analysis of results
An analysis of the efficacy was carried out using the endoscopic procedure reports, supported by static radiographic images and endoscopic video recordings. The analysis was performed for all diagnostic or therapeutic ERCP with intact papillae (absence of prior biliary or pancreatic endoscopic sphincterotomy, surgical sphincteroplasty or ampullectomy). Procedures where the papilla could not be accessed or identified due to stenosing conditions or anatomic or postsurgical distortion were excluded from the analysis. Duodenoscopies for extrapapillary duodenal conditions and procedures that were aborted due to precannulation complications or a scope breakdown were also excluded. Two-stage procedures were computed as single procedures.
The safety analysis was performed using available paper or electronic medical records, bearing in mind that a significant proportion of patients were referred from and then sent back to other hospitals, thus resulting in a loss of follow-up. Partial information was obtained for some cases from anamnesis prior to the second ERCP, some days, weeks or even months after the initial procedure. Pancreatic stents (PS) were not implanted in the ERCP group with the sole intention of preventing post-ERCP pancreatitis. Twostage procedures were computed separately. Pancreatitis, perforation and bleeding were defined and graded according to updated consensus criteria (41) .
Statistical analysis
Statistical analysis was performed with the IBM SPSS Statistics 24 package and the χ 2 test was used for independent variables.
RESULTS
Evaluable ERCP (Fig. 2) During the period from 2013 to 2016, 737 ERCP procedures were carried out; 222 were excluded from the analysis, 86% of them due to a prior sphincterotomy. Twelve twostage procedures were computed as single procedures; therefore, the number of ERCP procedures included in the efficacy analysis was 503. Simple BC was successful in 369 cases. BC was unsuccessful in three patients using simple strategies, and precut was not attempted. Among the 131 attempts at advanced cannulation, NKP was used in 53 (40%) cases and TPP in 78 (60%) cases. Seven TPP (9%) required NKP rescue. Patients undergoing precut Table 1 shows the main characteristics of the 53 patients that underwent NKP and 78 patients that underwent TPP. The most relevant trends included male sex, papillary obstruction, impacted stones at the papilla and benign proximal (postsurgical) obstruction among patients that underwent NKP. With regard to patients that underwent TPP, female sex, unobstructed papilla, diverticular papilla, choledocholithiasis and malignant (both distal and proximal) obstruction were relevant trends.
Fig. 2. Distribution of patients that underwent ERCP during the study period, according to the biliary cannulation technique.

Efficacy analysis
The BC rate for the simple approach was 73.4% (369/503). A DG was used for two cases of intradiverticular papilla. Among patients who required a precut, the BC rate was 96.2% (126/131), which increased to an overall BC rate of 98.4% (495/503). The BC rate, which was 96.2% (p = 0.727), was identical for both precut groups. BC was successful in 100% of the 12 two-stage and seven combined (TPP + NKP) procedures. Table 1 shows the procedures and maneuvers undertaken in precut cases. The NKP group required more two-stage procedures as compared to the TPP group (p = 0.049). Per protocol, prior incidental PC was obtained for all TPP and for 22.6% of NKP. BC was achieved in three patients that underwent TPP with the DG approach and a PS was implanted and maintained for five and six days, respectively, in two cases. The use of rectal non-steroidal anti-inflammatory drugs (NSAID) was similar in both groups and showed an increasing trend over time (< 20% in 2013, > 80% in 2016).
Safety analysis
Follow-up data were available for 89.9% of the total procedures (463/515) and 92.3% of advanced cannulation procedures (132/143). The overall pancreatitis rate was 2.4% (11/463), 1.8% (6/331) for patients undergoing simple cannulation and 3.8% (5/132) (p = 0.208) for those undergoing precut.
Pancreatitis in advanced cannulation
No pancreatitis events (0%) were reported for the 53 NKP, whereas five (6.3%; p = 0.062) were reported among the 79 TPP cases. Pancreatitis was not reported in the seven patients who received TPP + NKP. Table 2 shows the distribution by severity and the risk/protective factors found for the eleven recorded pancreatitis events. The two severe pancreatitis events in the TPP group were more clinically serious conditions (4-month hospitalization and one surgical procedure) as compared to the two events reported for the simple cannulation group (24 and 35 days in hospital). However, the only reported fatal pancreatitis event occurred in the latter group, in a patient with a severely advanced malignancy who was unfit for extreme therapeutic measures.
Perforation in advanced cannulation
Three perforations were reported in the NKP group and four in the TPP group (p = 0.881). One retroperitoneal perforation in the NKP group and another one in the TPP group occurred during second-stage procedures and were not attributable to the precut procedure but rather to STS. These cases were resolved with medical treatment following hospitalization for 18 and eight days, respectively. A choledochal perforation after mechanical dilation (MD) occurred in another second-stage procedure and may not be attributed to NKP. This case was resolved by the implantation of a full-covered metal stent. In the NKP group, a third perforation was produced by the guidewire in an intrahepatic duct. This patient developed a fever and received antibiotic therapy for 12 days.
In the TPP group, two additional retroperitoneal perforations were reported. One occurred after a successful BC followed by STS and MD, and was resolved with medical treatment following hospitalization for nine days. The other case developed after TPP and failed BC in an intradiverticular papilla. The patient underwent surgery in order to concurrently manage a biliary fistula and the associated abscess. A final duodenal perforation was reported after TPP + NKP, STS and MD, which were managed by surgical duodenal exclusion.
Bleeding in advanced cannulation
Three delayed bleeding episodes were recorded in the NKP group and four in the TPP group (p = 0.881). Two episodes in the NKP group occurred after STS on papillae that were obstructed by an impacted stone in one case and by carcinomatous infiltration in the other case. The first patient received endoscopic treatment whereas the second was transfused with two RBC packs. A third bleeding event was reported in a patient on anticoagulation therapy after a failed first-stage NKP and BC, which did not require endoscopic treatment or transfusion.
All bleeding episodes in the TPP group occurred after the STS. One was resolved without intervention, one case required two RBC packs and the remaining two cases were treated endoscopically with four and seven RBC packs, respectively.
DISCUSSION
The technical primary goal of ERCP is selective BC, which is a key requirement for sphincterotomy and/or other precise therapeutic biliary procedures in order to achieve the clinical primary goal to cure or alleviate disease. The secondary goal is to achieve the primary goal with the lowest possible morbidity. More recent recommendations report BC rates above 95% and complication rates below 5% (42) . An endoscopist with sufficient expertise to resort to advanced BC techniques (43) must maintain a simple BC rate of at least 80%. During the study period, the overall BC rate was 98.4% of attempted and non-excluded procedures and this was achieved with a simple BC rate of 73.4% and an advanced BC (40% NKP, 60% TPP) rate of 96.2%. In contrast with the above mentioned, we will report the simple BC rate in our study as below 80%, as evidence of our conviction regarding the benefit of the early use and rigorous performance of the precut technique.
The BC protocol used in this study generally followed the agreed principles of the recommendations recently reported for cannulation and complication prevention (2, 3, 43, 44) . Major exceptions include early TPP rather than DG and the non-use of PS after TPP. A controlled randomized trial that compared DG versus TPP in 71 patients (45) showed the same BC rate (91.2% vs 91.9%, p = 0.732) and a significantly higher rate of pancreatitis for DG (38.2% vs 10.8%, p = 0.011), which supports our preference for TPP. Another similar trial compared DG versus early NKP (with a fistulotomy technique) in 134 patients (46) and showed the superiority of NKP over DG, both with regard to BC rate (79.1% vs 44.8%, p < 0.001) and the pancreatitis rate (4.5% vs 14.9%, p = 0.041). This also supports our preference for NKP over DG, even in a case of incidental PC. Table 2 shows the characteristics of patients with post-ERCP pancreatitis following simple BC (A) or TPP (B). Female gender (F), normal blood bilirubin (< 1.2 mg/dl) and no biliary dilation were identified as risk markers (2) . A diagnosis of stenosing papillitis may be likened to type-I sphincter of Oddi dysfunction. Other patient-related markers including prior acute pancreatitis and the absence of chronic pancreatitis were not reported in any case. Pancreatography and pancreatic cannulation represent procedure-dependent risk factors (2) whereas rectal NSAIDs are a protective factor (2,3). Protective PS were not implanted. The median number of risk factors per patient was 3, but there was no correlation between the number of concurrent factors and pancreatitis severity.
With regard to PS placement after TPP, only two studies (26, 29) used this selectively (in 25% and 75% of patients, respectively) and surprisingly reported a higher rate of pancreatitis (8% and 9%, respectively) compared to non-PS implantation after TPP (23) (24) (25) 27, 28) . Prior to 2013, our experience with TPP without PS placement had low pancreatitis rates (47), which we attribute to the use of a complete pancreatic sphincterotomy to improve immediate pancreatic drainage and reduce the long term risk of a cicatricial stricture at the pancreatic orifice (48) . Due to both of these reasons, in this study PS placement was restricted to two cases where BC was achieved with a guidewire maintained within the pancreatic duct after TPP. A third patient who underwent TPP + DG (before the other two) without PS developed severe pancreatitis despite the presence of only two risk factors, i.e., the absence of biliary dilation and cephalic pancreatography to confirm PC. This case and a second case of severe pancreatitis lead to a negative qualification of the pancreatitis rate of 6.3% in the TPP group. The same pattern was observed in patients with simple BC (Table 2) , in contrast to the reported experience, with a rate of severe pancreatitis events of only 11% and a mortality rate of 3% (49) . The simplest explanation for this finding would be the retrospective nature of the study and the fact that milder pancreatitis episodes would have been "missed" . However, according to our follow-up protocol, patients stayed in hospital for least 24 hours after the ERCP and were only discharged in the absence of evidence or suspicion of pancreatitis. Thus, the "missing" of early complications such as pancreatitis seems unlikely. Due to the lack of a better explanation, we assume that our BC protocol is highly effective in order to reduce the risk of mild pancreatitis, whereas the risk of a more severe pancreatitis would require additional prevention measures, including a more liberal use of PS (2,3).
The most relevant fact in our study is the null incidence of pancreatitis among the 53 patients who underwent NKP, with a trend towards statistical significance compared with TPP (p = 0.062). Several factors may contribute to this fact. Firstly, our wider experience with regard to numbers and time for NKP versus TPP. This experience led to the development of a mixed NKP technique (superficial papillotomy + deep fistulotomy), which may be as safe as a classic fistulotomy (38) and still be applicable to most papillae, including the less prominent ones. Secondly, an early NKP spares the papilla the trauma of manipulations before the precut procedure. While TPP is also used early, the need to insert a cannulotome (not just a guidewire) in the most distal pancreatic duct to initiate the precut is likely to increase papillary trauma. Thirdly, we resorted to a two-stage approach in 15% of cases, which protected the papilla from the trauma of manipulations after the precut procedure. The 15% rate in the NKP group is significantly higher than the 5% rate reported in the TPP group (p = 0.049), which could be interpreted as a reduced effectiveness of NKP for BC. Nevertheless, salvage with NKP (TPP + NKP) was required in seven cases in the TPP group, which resulted in an equal BC rate for both techniques in the first stage with no alternative rescue (NKP 43/53, 81%; TPP 64/78, 82%). In a previous study (47) , we reported two perforations among 14 TPP + NKP procedures. Hence, we recommended that salvage NKP only be used for clear anatomies revealed by TPP.
Otherwise, a delayed strategy should be considered and a second-stage BC attempted. Our current results confirm this risk, as we observed one perforation among the seven TPP + NKP procedures. The relatively low rate of incidental PC with a guidewire (22.6%) during the NKP is a fourth factor that potentially accounts for the lack of pancreatitis in the NKP group, whereas the per protocol incidence is 100% for TPP. The retrospective nature of the study did not allow the assessment of the number of PC in each case. However, according to the protocol, it is reasonable to assume that most PC were isolated cases in the NKP group and repeated cases in the TPP group, which represents an additional risk factor (2). The null incidence of pancreatitis in the NKP group is even more relevant when taking into account the fact that no patients received a preventive PS, and rectal NSAIDs were scarcely used in 58.5% of cases.
An Italian prospective, multicenter study reported in 1998, before the development of the "early precut" concept and strategy, showed that the precut procedure was not a risk factor for pancreatitis but for perforation (50) . In this study, there were three perforations in the NKP group, none of them attributable to the precut (two from second-stage STS and papillary MD, at days 7 and 6 after NKP, respectively, and one from intrahepatic guidewire) and all cases were resolved without surgery. There were four perforations in the TPP group, but only one after second-stage STS which cannot be attributed to TPP with certainty. The second perforation developed after three risky procedures (TPP + STS + MD), was associated with a technical success and was resolved conservatively. The third perforation occurred after a TPP of an intradiverticular papilla that was not cannulated hence it was clearly caused by the TPP. BC failure was an indication for surgery to treat the underlying condition (biliary fistula with an abscess) and the complication. The fourth perforation developed following four risky procedures (TPP + NKP + STS + MD) and required surgical duodenal exclusion.
The bleeding rate in this study was similar to the perforation rate, three in the NKP group and four in the TPP group, and none of the cases were severe. In six cases, precut was followed by STS as an additional risky procedure. Two NKP + STS procedures were performed on pathological papillae (one acute papillitis from a stone impaction and one neoplasm). Only precut was used in the third bleeding event reported in the NKP group due to a first-stage BC failure. However, the patient had received anticoagulation therapy before the bleeding developed hence its attribution to NKP may only be relative.
The 19 complications reported for the 132 precut procedures represent an incidence of 14.4%. However, aside from the frequency rates (and possible, probable or definite attributions), the most significant and worrisome events in this study were the four severe complications (two pancreatitis and two perforations) reported in the TPP group compared to the safety of NKP. Even though the technical outcome of the overall BC protocol was excellent (> 98%), severe morbidity needs to be reduced. Therefore, the procedure should be modified and NKP should be used earlier for patients with a higher risk of pancreatitis that are currently included in the TPP arm.
In conclusion, our experience with early NKP shows high efficacy and safety levels in difficult BC cases. Hence, the technique should become the primary alternative rescue option. TPP in incidental PC cases attains the same high effectiveness with a significant severe morbidity. Therefore, we believe that it is necessary to change our protocol in order to include (rather than repeat PC) an immediate NKP or TPP with a preventive PS implantation in the case of a first incidental PC in high risk cases.
